2.1 Interference Analysis Process

Figure 1 illustrates the general method to be employed in making a technically valid estimate
of interference between an MSS subscriber unit and an aviation GLONASS receiver. The method
takes into account the stochastic nature of the interference event - a key parameter when the
interfering transmitter and victim receiver are in relative motion with respect to each other.

Interference
- Probability
~ Statistics
: Test
Cumulative ™ Refine
Probability | Results MSS
Aircraft Estimate Vunerability System I
System Criteria
y® : ) W FE Repeat ___
Interference J [ 4 Tes‘t
Vulnerability Pass Refine
Criteria | L Out-of-band GLONASS
' Power Recetver
Effective | |
SPFD

Figure 1 Interference Analysis Process Diagram

21.1 Aircraft System Considerations

The first step in the process is to establish a valid criteria for harmful interference. This criteria
must include provisions for the manner in which GLONASS data are used by the particular
aircraft navigation equipment. In all modern commercial passenger-transport aircraft, navigation
data is a composite function, derived from a number of sensors such as the Inertial Navigation
System (INS), the Global Positioning System (GPS), Differential GPS (DGPS), the Very high
frequency Omni Range (VOR), the Instrument Landing System (ILS), radar and barometric
altimeters, etc. GLONASS simply becomes an input to the composite, a contributor to overall
system reliability as a redundant input signal.
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An optimum selection of navigation sensor inputs is made by the aircraft flight data computer
as a function of the phase of flight in process. Redundant operational modes are provided in the
event of a failure or interruption of input sensor data. A simple example is the banking of an
aircraft during turns. Airframe shadowing can temporarily interrupt or degrade the reception
of radio and satellite signals. Navigation guidance is provided by the INS or autopilot system
during turns; the flight data computer simply ignores radio and satellite sources that may be

false during such maneuvers.

The failure or interruption of a single navigation sensor will not prevent an aircraft from
accomplishing its intended maneuver. During landing phases the ILS, the DGPS, the INS or
autopilot, and the pilot are available for aircraft guidance; quadruple redundancy exists. Even
light aircraft incorporate redundant systems for navigation.

GLONASS is 2 member of the sensor team for redundancy purposes - not as a sole means of
navigation. In fact there is doubt that GLONASS will be employed during landing maneuvers.
No public data has yet been released by Russia on the development of a high accuracy
Differential GLONASS system or the use of wide band GLONASS-M signals for precision

guidance during landings.

2.1.2 Propagation Path Considerations

The propagation path geometry and airframe shadowing between a subscriber transmitter and
a GLONASS receiver on-board an aircraft must be taken into account. Two cases may be
considered as follows:

a. An aircraft on a final approach path passing over an MSS transmitter. ARINC
recommends a minimum distance of 100 meters be considered between the MSS
transmitter and the GLONASS antenna..

b. An aircraft maneuvering to land wherein the GLONASS antenna is temporarily aligned
(aircraft banking) to form a direct line-of-sight path with a subscriber transmitter. A
minimum distance of 2000 meters is recommended between the two elements of the
system.

An excellent analysis of item (a) is contained in Attachment 1 of the "Technical Appendix to
Comments of Loral/Qualcomm Partnership, L. P, Volume I of II" (May 5, 1994). For the
conditions stated therein (no airframe shadowing and a 75 mph approach speed) the analysis
clearly shows that the time duration of exposure to an aircraft landing is less than 7 seconds.
Given a realistic 15 to 30 dB allowance for airframe shadowing and a typical jet approach speed
of 120 knots, the period of exposure is reduced to about 4 seconds and the interference power
is reduced below the interference limit of the GLONASS receiver (see Table ).

Item (b) is a worst case of an aircraft turning on a base leg or a final approach leg. This scenario
is also modeled in Table I.
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2.2 Example Worst Case CDMA Link Budget

The Radio Technical Commission for Aeronautics (RTCA) has provided specifications for the
maximum amount of interference tolerable by GLONASS. Recent wording of these specifications
suggest a 16 dB jamming margin allowance above the lowest GLONASS signal being tracked
(-161 dBW) for in-band CW. The corresponding margin for in-band noise jamming is 21 dB
above the lowest signal being tracked. From these data it can be assumed that a total jammer
power of -145 dBW is tolerable for CW and -140 dBW for noise.

Table I considers a i of an MSS CDMA subscriber unit close

highly simplified worst case analysis
to an aucraft on fmal approach and an aucraft bankmg Iab.lguhms_thathSS_snhﬁcﬁber

mh&ZQQO.meter_aimrafLmanemermgm If a second MSS subscnber anit were to located
close to the first, both would have to transmit and have voice present_at the same time to
increase the interference - a highly unlikely event. This analysis assumes the following out-of-
band power spectral density mask is used by the CDMA system and that the GLONASS
operates in an antipodal manner.

4S dBW/3kHz
60 dBW/3kHz
e 70 JBW/3KHz
125kHz msl
Edge of the

Autorized Band

Figure 2 Recommended Spectral Mask
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Table I Calculated Mobile CDMA Subscriber Unit to Aircraft GLONASS Receiver

T

PARAMETER UNITS A/C A/C
Overhead

Freq Offset from Band Edge KHz
Subscriber Transmit Power dBW 40 40 2
Subscriber Power Spectral Density dBW/3KHz -62.6 -62.6 3
PSD Bandwidth Factor for 3 KHz dB -34.8 -34.8
Subscriber Power Spectral Density dBW/Hz 974 974
Subscriber Antenna Gain dB 0.0 0.0 4
Subscriber Duty Cycle dB 0.0 0.0 5
GLONASS Bandwidth dB 56.9 56.9 6
Subscriber Power in GLONASS BW dBW 424 424

L Receiver Out-of-Band Attenuation _'22 ~46.4 464 7
Subscriber Range to GLON}}.iS Ant m 100£_ 2000.0
Path Loss dB -76.6 -102.6 8
Estimated Shielding Loss (aircraft) dB -30.0 0.0 9
Total Losses dB -106.6 -102.6
Subscriber Power at GLONASS Ant dBW -149.0 -145.0
Allowed In-band Interference dBW -1400 -140.0 10
Theoritical In-band Margin dB 9.0 5.0 1

Notes: 1. Separation from GLONASS channel center to lower edge of MSS allocarted band at

1610.0 MHz. Corresponds to GLONASS channel 12. (see figure 2)

Subscriber unit upiink earth-to-space transmission power.
The recommended out-of-band PSD limit is -60 dBW /3K Hz below 1.25 MHz and -70
dBW /3KHz above 1.25 MHz. and average value of -62.6 dBW /3KHz incorporated.
Zenith gain = 4.0 dB, horizon gain = 0.0 dB.
CDMA transmit duty cycle = 100% (worst case) due to pilot carrier
Receiver 490 KHz bandwidth (3 db points) of GLONASS narrowband IF filter before
spread-spectrum correlator
As specified in RTCA paper no. 518-91/5C159-317
Path loss = 10 log,, (A/4%xR)?
Estimate of lower hemisphere A/C shadowing and antenna sidelobe loss (30 dB)

- RTCA paper no. 518-91/5C159-317 and ARINC-743A-1 specification; allowed in-band
interference for the "Alternate Configuration”
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Table 2 shows the results of laboratory tests using a properly designed GLONASS receiver (35
Model R-100 identifed). This test data confirms that a properly designed GLONASS receiver will

meet the criteria defined in Table L

To achieve the desired level of performance, a GLONASS receiver must incorporate an effective
IF bandwidth of 490 KHz and an out-of-band attenuation of 44 dB at 1.0 MHz and 55 dB at 1.5
MHz from the GLONASS channel center. The CDMA transmitter must conform to the following
recommended out-of-band power spectral density limits below 1610.0 MHz:

Ereqguency PDS Limit
1610.0 to 1609.875 MHz 45 dBW /3KHz
1609.875 to 1608.75 MHz -60 dBW /3KHz
below 1608.75 MHz -70 dBW /3KHz

The link budgets of Tables I and Il both show that the GLONASS receiver will continue to
operate in the presence of the specified MSS emissions. Although the measured interfererce
margin for GLONASS channel 12 is quite small, the margin improves to better than 7 dB at
channels 11 and lower.

Table II Measured Mobile CDMA Subscriber Unit to Aircraft GLONASS Receiver

B -I:ARAMETER L UNITS A/C A/C NOTE
— Overthead | Turning
R-100 Receiver In-band Test dBwW -167.0 -167.0 1
Allowed In-band Interference/signal dB 260 26.0 2
Allowed In-band Interference dBW -141.0 -141.0 3
R-100 In-band Interference Margin dB 0.0 0.0

Notes: 1. Power of simulated GLONASS signal acquired and tracked during testing of the 35

Navigation R-100 receiver configured to the ARINC-743A “Alternate Configuration”

2. Maximum in-band interference signal at which the R-100 receiver was observed to
acquire and track a GLONASS signal of -167 dBW

3. Maximum in-band interference level at which the R-100 receiver was observed to
acquire and track the -167 dBW GLONASS signal

22,1 Other Interference Mitigation Considerations
2.2.1.1 Interference Channel Combinations
The probability of interference on a “channels in use" basis must be considered for the

GLONASS receiver as well as an MSS transmitter. That is, a GLONASS receiver need only
receive 4 channels of the 12 channels available to perform its function (3 with barometric assist).

7
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For purposes of illustration, assume that GLONASS is operating in an antipodal mode with 12
channels distributed over the band 1602.15 - 1609.26 MHz. Of these channels, a simple
GLONASS receiver normally selects the best 4 of 6 satellite channels for position computation.
A quality GLONASS receiver would select the best 4 of 8 channels. If one channel were to
become degraded, the receiver reselects from the remaining channels. It is necessary to degrade
) R ecei €18 DEIOTE an g ill be inflicted

_4( ] npe VI DN
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Assuming that a CDMA MSS system is operating on the lowest channel in the band 1610.0 -
1621.35 MHz, and that out-of-band power from the CDMA channel overlaps the top four
GLONASS channels, for a random distribution of both the GLONASS and MSS channels:

a. The probability of the highest four frequency GLONASS channels being simultaneously
active i8 1 in 495, or 0.002

b. The probability of the lowest frequency CDMA channel impacting one of the active
GLONASS channels is 1 in 3960, or 0.00025.

2.2.1.2 Spectral Power Overlap

The channel out-of-band structure of the subscriber transmitter and the GLONASS receiver must
be analyzed for each individual MSS system to derive spectral overlap power. The overlap
power is spread over the channel bandwidth of the GLONASS receiver and integrated for 20 ms
before being declared a 1 or a 0 by the receiver message processor.

2.2.1.3 Duty Cycle Considerations

The probability of MSS interference will be further reduced by duty cycle considerations. Many
MSS systems will operate in a burst mode, where average power is more important than peak
power. MSS systems can range from a 10% duty cycle to as much as 100% (for short periods).

Another duty cycle factor to consider is that voice communications are not continuous. Many
MSS systems reduce transmitter power during breaks in conversations - to conserve battery
power. A typical figure for voice duty cycle is 60% on time, 40% off time.

In general, MSS systems will reduce transmitter power to the minimum level required to
maintain their specified bit error rate. Depending upon the MSS system, transmitter power can
be reduced 10 to 15 dB below peak when unobstructed viewing conditions exist. Various
statistical estimates have shown that, on the average, only 33% of a subscriber community
requires full power to achieve the desired communicaticns bit error rate. The remaining 66% of

8
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the community will operate at substantially reduced values of transmitter power.

Day-night conditions impact the number of subscribers serviced. Global estimates have shown
that the number of night hour subscribers is typically 50% of the day load.

2.3 Motorola GLONASS Compatibility Study Program

The criteria for evaluating MSS interference on a GLONASS radionavigation receiver must take
into account: (1) the physical geometry - where interference can take place, (2) the effective
strength of the interfering signal, (3) the frequency of the interfering event, and (4) the ultimate
aircraft system use of the GLONASS position measurement. In addition certain of the conditicns
for interference assessment are probabilistic in nature. A meaningful analysis must treat all of
the conditions noted in this paper.

231 Motorola Iridium-GLONASS Compatibility Studies

Motorola has been in the process of performing a detailed analysis of Iridium compatibility with
GLONASS. Phase 1 of the study was devoted to modeling an idealized Iridium system and
GLONASS receiver in the scenarios described by paragraph 2.1.2 of this paper. This phase was
completed in July 1993 with the result that a small guard band {(approximately 0.5 MHz) could
provide the needed protection between the Iridium system and GLONASS operation.

Phase II of the study involved hardware testing of an Iridium subscriber unit and a

representative CDMA subscriber unit operating in conjunction with a GLONASS receiver. This

phase confirmed the basic Phase I Iridium-GLONASS results but suggested a wider guard band

(approximately 1.5 MHz between band edges) be allowed between the lowest frequency Iridium

channel and the hlghest frequenc:y GLONASS channel MﬂLthe_:glmaum_nLGLQNASS_tg
, | i

Phase Il also confirmed that a GLONASS aviation receiver can operate in the presence of out-of-
band emissions from a CDMA type subscriber unit. The primary effect of a CDMA transmission
is to raise the noise floor of the GLONASS receiver. The actual need for a guard band between
the CDMA system and GLONASS is subject to further analysis. Depending upon (a) aircraft
system vulnerability, (b) interference statistics, (c) CODMA output ﬁltermg characteristics (out-of-
band power control), and (d) the manner in which a GLONASS receiver processes CDMA
interference, a guard band may not be needed.
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232 GLONASS Receiver Design Considerations

The GLONASS receiver must be properly designed to prevent interfering signals from entering
its AGC circuitry. An appropriate GLONASS bandpass front end filter and a narrowband IF
filter must be incorporated in the design of the receiver to reduce susceptibility to interference.
This requirement is not unusual; military and aviation receiver systems commonly employ such
filters to prevent extraneous radiation from degrading receiver performance.

3. CONCLUSIONS

The analysis of interference between an MSS subscriber unit and an aircraft GLONASS receiver
requires that consideration be given to all of the parameters that affect the vulnerability of the
GLONASS system. The analysis must include:

a. A definition of interference vulnerability for the particular aircraft GLONASS system;
b. An estimate of effective spectral power flux density based on:

- Spectral power flux density present at a GLONASS antenna
- Allowance for MSS duty cycle, power control, and voice activity factor

¢. An estimate of the likelihood of an interference event. As a minimum this estimate
should include:

- Propagation path geometry and time duration of exposure

- Frequency of aircraft arrivals/departures

- Probability of an undesirable MSS-GLONASS channel set selection
- Probability of interfering with all but three GLONASS channels

- Probability allowance for voice factor

- Probability allowance for MSS power control

- Probability allowarce for day-night subscriber population

- Probability of two or more simultaneous MSS transmissions

szsj:gmmﬂmmhjlity_as_deﬁnedmﬁm&nm Prehmmary calquahons by Motorola suggest that
MSS subscriber interference with an aircraft GLONASS receiver is highly unlikely, so long as the
receiver is properly designed and the MSS subscriber unit includes sufficient bandpass filtering
in its output to attenuate unwanted out-of-band radiation.
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I hereby certify that I am the technically qualified
person responsible for preparation of the engineering information
contained in these Reply Comments and the Technical Appendix
hereto, that I am familiar with Part 25 of the Commission’s
Rules, that I have either pre_pared or reviewed the engineering
information submitted in these Reply Comments and Technical

Appendix, and that it is complete and accurate to the best of

QAT free

John T. Knudsen

my knowledge and belief.

Title: Director of Spactrum
Motorola Satellite Communications
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Satellite Nave.jhon
Hioson formally deciares GPS FAA Admisistintor David Hiseen anncunced that the GPS 10C samsilise pavigation

0C ready for civil aviation use system is now opsrationsl and is henesforth sn imagrated partof the U.5. ais traffic control
' -bm:rhm'\'lmdmw system. Calling this sanouncement, “argusbly the most significant sdvancs in the hissory
) . aof avistion " Hinson t0id assembled reporters asd FAA management staff “this
is & day you will gll remember.” This announcement complstss the capential two-siep
procass of mavisg OPS trom s inieresting military R&D project o a key ingredient ia the
U.S. national sirapsce system (NAS). The &ret step ococurred in Deceraber 1993, when DoD

notifisd DoT that the GPS JOC cunstellation had been schieved.

Hinsoa's declaration mesns that the GP'S civil sigm! (SPS) now meats the performance
charsctetigtics defined inthe 1992 Federal Redioasvigatian Plan (FRP), and isapproved for
civil svistion uss in the NAS. Withths eertifisation of thefizst GPS receivars (ffom Ourmin)
to meet full TSO C129/A1, OPS ia now the first navigation system 1o be approved for use
ss 2 stand-alons nsvigation sid for all phases of flight, through non-precision approach.

Blanchard ealls for Eurvpesn Waltar Blanchurd, President of the Roya! Institute of Navigation (RIN) in London. feels
sutellite “contribution™ annp:unmdmahlqbd:rxmld samav comemunity. “Burope’s main and major
- to augment GPS conspellation contribution and specialisstion ifferential systoms - raquired for improving GPS
socurscy and Increasing its integrity ... We hops, too, 00 the European froet that befors long
there will be analid contribution in the form of more satelliles inthe sky. Togather with GPS
they will provide 2 asvigation system ussbie by sveryane.” The RIN is hosting the annual

DSNS meeting in Loadon int April. (S8ce CNS Calendar)

Wilcon/NASA DGPS flight test Wiloox Electric has relasesd dats analyzed from it DOPS autofand flight teats conducted
results with NASA, and claims that CAT 3 accurscies, using RNP tunns! conoept sisndards, were
wide margins® tosts wers “the first time DOPS sutalands have besn achieved without the use of specis!

4 equipmenl of prooseeing techaiques, mich as tightly coupied {RUs or carrier phase

tracking,” per Wiloox. Basic GPS code-tracking was used 1o determins the sirenft position.
31 hands-off landings wers completed last fall, using a Wilcox DOPS ground sistion and
& NASA B737 sireraft. Wilcox acknawledges that Integrity requirements will be more
difficult to achieve than securacy.

SATNAY Mastsr Plan nears The annual updats of the Satellite Navigmtion Five Yoar Master Plan is sxpested fo be
publication relessed by FAA within the next fow weelks, FAA calls it “a comprshensive documant
« copies availabie soon from covering sil aspects of the FAA's tasoarch and development of seiilite navigation
FAA < cumcapts,” for the period 1994-1999. To gat on the document distribution list, contact the
, FAA Susllite Program Office, ARD-70, at 202-267-7219.

GPS fur CAT 3 inndings and Citing the millimetar navigation accuracies demonstrated tscently by Stanfard Univeraity,
taxiing ' PAA Administrator Hizson seid “thers Iu:nmuz: ;sl aul’l‘:cm;:v‘;nufsw lambings
addressing ; and taxiing at the aitport in gero-gero conditions; GPS thas . Fyom atechnica)

) the 010 airport halieve e the only system we'll nsed 1o sufaly and sffigleat|

standpoint, '
I’ mem > " " el L] LAY
,:ﬁﬁm garding the role of other navaids, Hinsoa saya
‘evantually, mavigation satsllites and cockpit recaivars will very iikely replaoe the vast snd
m!yamyu!mmdmwmmummyon.W
* Asked sbout what kind of savings GPS p ines, Hinson
estinated “sbout $5-10 billion in fuel and time.”

—Il Mavch (9%, vol, 2 No. 3
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US. Department "

of Traasportation 100 Indepuadones Ave. 5.
Federal Aviation

Administration

"June 8, 1994

TO: PROSPECTIVE OFFERCRS

SUBJECT: Raequest for Proposal (RFP) Number» DTFAO1-$4-R-
21474 - Wide Area Augmentation System (WAAS)

You are invited tc submit a precposal to the Federal
Aviation Administration (FAR) for the development of
the WAAS. The WAAS is a safety critical syatem
consisting of the squipment and software which augments
the Department ¢f Defense provided Global Pesitioning
System Standard Positioning Service. The objectives of
the WAAS are to provide for improved integrity,
accuracy, and availability to satisfy the Required
Navigation Performance (RNP) for seole-means operaticn
for oceanic en route through precision approach.

The FAA is embarking on an aggressive schedule tc
acquire and implement the WAAS. The initial WAAS,
anticipated to consist of 24 ground refarence stations
plus terxrestrial and satellite communications systems,
is scheduled for delivery by mid-1897.

The Government reserves the right to award a contracet
based on initial propesals, without diacussicns or
negotiations. Therefore, it is critical that proposals
are fully responsive. In addition, we strongly
recommend that offerors submit proposals that
accurately substantiate what <¢osts would most likely be
incurred utilizing your proposed tachnical and
management approach.

Pursuant to FAR 9.5, "Organizatiocnal Conflicts of
Interest, " offerors may request an inicial
Organizational Conflict of Interest determination prior

to submitting proposals.
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The WAAS RFP has been electronically replicated in
Fazrallon's Replica for Windeows versien 1.01 and is
being provided on four (4) 3.5" diskettes. The
instructicons for installing the RFP on your hard disk
are provided in Attachment A. Standard Form (SF) 33,
“Solicitation, Offer and Award", and other forms not
avajlable on computer medium are provided in
Attachments B through F.

To ba considered responsive, your proposal must be
marked valid for at least 365 days from the date of
submittal. Volume I - Technizal Proposal must ke
received by the FAA no later than 2:00 p.m., e.s.t.,
September 7, 19%4. Volume II - IV must received no
later than 2:00 p.m., e.g.t., September 21, 1994. All
proposals should be forwarded to the following address:

Federal Aviaticn Administration

800 Independence Avenue, S.W.

Washington, D.C. 20891

Attenticn: Sarah F. Seott, ASU-340
or Rita MceNair, ASU-340

In addition, a copy of your proposal and a copy of the
RFP should be submitted to your cognizant Defense
Contract Audit Agency. see Section L for instructions.

The Contracting Officer iz the single point of contact

for any and all communication between the Government
and industry.

Sincexgly,

arah F. Scott
Contracting Officer

Attachments



1.2 scape
This stazemen® of work (SCW) defizas the racuiTements far tha

Progran managemanc, engineering managemenc, produczicn, tast
acd evaluazisn, tuszkey izstallazion, and techaiczcal suppers

af the Wide Arsa Augnerctation Sywtex (WAAS) being pracurad ny
the Fedezal Aviation Admixigtraction (FAA).

The GQont-actsry skall pravide a WAAS whick skhall eniarce tle
availabilicy of the Glckal Pemitlioning Systen (GPS) cthraougn
the broadcas:t ©f GPS~lika ranging signals, pravide iztegricy
broadecasss t2 pearmiz aviation usezss to detsrmine when tke 523
should not be used for eack phase of flighg, and provide
differencial corseczicn Ressages with sufficient acIuTasy
suppor: precision a.-pr:a.chos TRa WAAS shaell mee: the
_specific funciicmal and periormance reguiremants of ghe WAAS
Specification., FaAA~E-289%2 and shall be providad tao the
Govermmen: in accrrdarcs wish the regquirements cived in chi
Stataner:z of Work (SCW).

The Contrac=3r s:all deploy a WAARS that shall provide data to
users that augaent tha Departaent of Defense (Deol)-provided
GPS so that posizlieniag and navigaticn parformance Mests FAX
pavigation regquiraments for cocesanic and Jdomestic enrsuta,
terninal, nexzgrecision approach, and precisicn approach
phases of flight. The Contrac=cr skall utilize the NAS
Interfacility Communicacions System (NICS) to provide gzound-
ground communicaticns betwveen t:he various c:mcrsc-:--prcv;de_

Hazdware Conligurations Itenms.

€2

The Contzsctor shall provide, as a minimum, the f£allowing for

the WAAS:
a. System azalveis and design using softwaza, Zizxawars,

communicacisng media, and non-developmental itaem (NDID
hardware (referred t> as eguipmest herealter):

B, All g=sund-based components and eguipment including
Wide-arsa Mastces Stations (WMS), Wide-area Relerence
Scations (WRS), Grouncd ERarzh Staticus (GES), and
camur.ica:ians iacerface exuipnentc.

c. Gacstazionary EKa=th Orbiz (GEC. Sacellite

cgmun_ca-icac sezrices,
d. SJof ~a to perfarm thke funccions described in the WiAS

Spoci ficatien, FAA-E-2892.
e. Oparation, manitoring, management, logigtics sSuppert
(ineluding inserim maincenance), installatiasn, az=d

crainizng.
£f. Relasad documentation.
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I, Pantelis Michalopoulos, hereby certify that copies
of the foregoing Reply Comments of Motorola Satellite
Communications, Inc. on Notice of Proposed Rulemaking were served
by first-class mail, postage prepaid, this 20th day of May, 1994
on the following persons:

* Chairman Reed E. Hundt
Federal Communications Commission
1919 M Street, N.W.
Room 814
Washington, D.C. 20554

* Commissioner James H. Quello
Federal Communications Commission
1919 M Street, N.W.
Room 802
Washington, D.C. 20554

* Commissioner Andrew C. Barrett
Federal Communications Commission
1919 M Street, N.W.
Room 826
Washington, D.C. 10554

* Commissioner Rachelle Chong
Federal Communications Commission
1919 M Street, N.W.
Room 844
Washington, D.C. 10554

* Commissioner Susan Ness
Federal Communications Commission
1919 M Street, N.W.
Room 832
Washington, D.C. 10554

* A. Richard Metzger, Jr.
Acting Chief
Common Carrier Bureau
Federal Communications Commission
Room 500
1919 M STreet, N.W.
Washington, D.C. 20554

* Kathleen B. Levitz
Deputy Bureau Chief (Policy)
Federal Communications Commission
Common Carrier Bureau
Room 500
1919 M Street, N.W.
Washington, D.C. 20554



Gerald P. Vaughan

Deputy Bureau Chief (Operations)
Federal Communications Commission
Room 500

1919 M Street, N.W.

Washington, D.C. 20554

wendell R. Harris

Assistant Bureau Chief

Common Carrier Bureau

Federal Communications Commission
Room 534

1919 M Street, N.W.

washington, D.C. 20554

James R. Keegan

Chief, Domestic Facilities Division
Common Carrier Bureau

Federal Communications Commission
Room 6010

2025 M Street, N.W.

Washington, DC 20554

Thomas Tycz

Deputy Chief

Domestic Facilities Division
Common Carrier Bureau

Federal Communications Commission
Room 6010

2025 M Street, N.W.

Washington, D.C. 20554

Cecily C. Holiday

chief, Satellite Radio Branch
Federal Communications Commission
Room 6324

2025 M Street, N.W.

wWashington, D.C. 20554

Fern J. Jarmulnek

Satellite Radio Branch

Federal Communications Commission
Room 6324

2025 M Street, N.W.

Washington, DC 20554

James Ball

Associate Director

Office of International Communications
Federal Communications Commission
Room 658

1919 M Street, N.W.

Washington, D.C. 20554
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William Kennard

General Counsel

Federal Communications Commission
Room 614

1919 M Street, N.W.

Washington, D.C. 20554

Thomas P. Stanley

Chief Engineer

Federal Communications Commission
2025 M Street, N.W.

Room 7002

Washington, D.C. 20554

Raymond LaForge

Federal Communications Commission
Room 7334

2025 M Street, N.W.

Washington, DC 20554

Robert M. Pepper

Office of Plans and Policy
Federal Communications Commission
1919 M Street, N.W.

Room 822

Washington, D.C. 20554

Michael Nelson, Ph.D.

Special Assistant -- Information
Technology

Office of Science and Technology
Policy

0l1d Executive Office Bldg.

Room 423

17th & Pennsylvania Ave., N.W.
Washington, D.C. 20500

Mr. Lawrence Irving

Assistant Secretary for Communications
and Information

National Telecommunications
and Information Administration

U.S. Department of Commerce

Room 4898

14th & Constitution Avenue, N.W.

Washington, DC 20230

Ms. Jean Prewitt

Associate Administrator
NTIA/OIA

U.S. Department of Commerce
Room 4720

14th & Constitution Avenue, N.W.
Washington, DC 20230



Mr. Jack A. Gleason

Division Director

NTIA/OIA

U.S. Department of Commerce
Room 4701

14th & Constitution Avenue, N.W.
Washington, DC 20230

Mr. Richard D. Parlow
Associate Administrator
Office of Spectrum Management
NTIA

U.S. Department of Commerce
14th & Constitution Ave., N.W.
Washington, D.C. 20230

Mr. William Hatch

NTIA

Room 4096

U.S. Department of Commerce
14th & Constitution Ave., NW
Washington, DC 20230

Bruce D. Jacobs, Esqg.

Glenn S. Richards, Esq.

Fisher, Wayland, Cooper & Leader
2001 Pennsylvania Avenue, N.W.
Suite 400

Washington, D.C. 20006-1851
(Counsel for AMSC)

Lon C. Levin

Vice President

American Mobile Satellite Corp.
10802 Parkridge Blvd.

Reston, VA 22091

Robert A. Mazer, Esq.

Albert Shuldiner, Esqg.

Nixon, Hargrave, Devans & Doyle
Suite 800

One Thomas Circle, N.W.
Washington, DC 20005

(Counsel for Constellation)

Leslie Taylor, Esqg.

Leslie Taylor Associates
6800 Carlynn Court
Bethesda, MD 20817-4302
(Counsel for Loral Qualcomm)



Linda K. Smith, Esq.

William Wallace, Esq.

Robert Halperin, Esq.

Crowell & Moring

1001 Pennsylvania Avenue, N.W.
Washington, D.C. 20004-2505
(Counsel for Loral Qualcomm)

Dale Gallimore, Esq.

Counsel

Loral Qualcomm Satellite Services, Inc.
Suite 101

7375 Executive Place

Seabrook, MD 20706

Norman R. Leventhal, Esq.
Raul R. Rodriguez, Esq.
Stephen D. Baruch, Esq.
Leventhal, Senter & Lerman
Suite 600

2000 K Street, N.W.
Washington, D.C. 20006-1809
(Counsel for TRW, Inc.)

Jill Stern, Esq.

Shaw, Pittman, Potts & Trowbridge
2nd Floor

2300 N Street, N.W.

Washington, D.C. 20037

(Counsel for Ellipsat)

Gerald Hellman

Vice President

Policy & International Programs
Mobile Communications Holdings, Inc.
1120 19th Street, N.W.

Washington, D.C. 20036

Richard G. Gould
Telecommunications Systems
Suite 600

1629 K Street, N.W.
Washington, D.C. 20006

Dr. Robert L. Riemer
Committee on Radio Frequencies
HA-562

National Research Council

2101 Constitution Avenue, N.W.
Washington, D.C. 20418



Don F. Tang

President

Lockheed Space Systems
P.0. Box 3504

Dept. 60-01

Bldg. 104

Sunnyvale, CA 94088-~3504

C. Dale Reis

Vice President
Raytheon Company

1001 Boston Post Road
Marlborough, MA 01752
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* Delivery by hand.




